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ammeriments designed to improve the practice of terrac- 
ing constitutes the major part of the engineering investiga- 
“tions being conducted on the ten soil erosion experimental farms 
of the U. S. Department of Agriculture. These experiments are 
intended primarily to obtain information on the proper snacing, 
grade, heizht, cross section, and limiting lengths of terraces 
for any particular soil or land slope. tudies are also being 
conducted on the methods of constructing and maintaining ter-- 
races, tne improvement of machinery; for building terraces and 
farming terraced land, tne proper size, location and con trol of 
terrace outlet ditches and: improved methods of farming ter- 
raced land. 


In most of the experiments, the measurements of soil and 
water losses from. terraceé. and tinterraced land under various 
cropping conditions constitutes the principal means of ascer- 
tainins the relative effectiveness of terraces of different de- 
Sign in controlling erosion. A special eifort has been made to 
keen all but one factor constant in each experiment so as to 
eliminate any ceaeaeitie sate influence of a second variable fac- 
tor upon tae experi talvresulis. . For inetance.n a terrace 
spacing exncériment the different terraces in the experiment may 
have vertical spacings of 4,5 and 7 feet but the grade, the 
neignt and tue length of the terraces, and the tillage methods 
ard cropping practices are kept the same. Also an effort was 
made to locate each experiment so there is a mininnum of varia- 
tion in the type of the soil and the slope and erosive condition 
of the land. These variations which are difficult to eliminate 
or control, for many reasons, are in many cases known to have an 
adverse effect upon the value of tue results-of the oxperiments 
and often requirs considerable time before detected and commlete- 
ly corrected. For instance, if gully crosses one terrace in 
arn experiment’.and not another tne depression left in the chan- 
nel above the terrace would tend to act as a settling basin and 
eroded soil Gidciapaee settle out: instead of being carried to the 
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measuring device at tne end o: 1e terrace. 
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Measurements of the run-off water from the terraced end 
wunterrace’ innds are made with vie Parshall measuring flume and 
a silt saplir wes specially desi,ncd for makin. measurements 
in wie Soil, erosion 1 Ses. Tacse devices tr re described in an 

article entitled "Soil “rosion Control on tie Federal Projects" 
publisned in the J nea pe’ Actions tural Sngineering, April,1:30. 
Some sligt imnrovements heve been mede in tne silt sampler 

Since this article was published but the principle employed to 
extract a proportionate sams of the run-off water remains es-— 
sentially thc sane. (Fig. 1). 


NOT; Figures referred to in this naner will be furnished the 
reader woon reavest. 
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The Parshall measuring flume is regarded as the best direct meas- 
uring device that can measure with a satisfactory degree of accuracy 
the entire flow of water from a stream or channel with varying velocity 
without first passing the water through a stilling basin. Since it was 
desired to obtain the rate of flow of the water as it was delivered at 
the end of the terrace, no measuring weir or device requiring 4 still- 
ing basin for its accuracy was regarded as being satisfactory. for these 
experiments. 


Much more difficulty is encountered in obtaining a satisfactory 
measurement of the soil carried off. the field than in measuring the run- 
off. This is due principally to the fact that leaves, grasses, stalks 
and other material interfere. scrionsly with any attempt to take water 
samples proportionate to tne total flow at any instant. Several devices 
were developed that would collect satisfactory sammles of clear water or 
of water containing moderate amounts of debris but failed completely 
wnen operating under field conditions during storms causing maximum de- 
bris conditions. The sampling slot of one experimental device complete- 
ly clogged up by fine hairs in what appeared to be perfectly clear water. 


The silt sampler finally decided upon for these experiments col- 
lects the heavier silt inthe run-off water ina bor or basin and a 
sample of the run-off water as it passes over a weir at the outlet end 
of the box. (Figure 2) The silt trapped in the vox can. be accurately 
measured and this oftcn represents as much as half of the total silt 
The possibility of debris interfering with taling the sample of the run- 
off water is reduced to a minimum by taking the sample out by means of 
a Slot in the side of the box which is protected by a self-cleaning 


‘screen. The screen at no place extends at right angles to the direction 


of the flow of the water so that the running water tends to wash off any 
debris waich may Collect on the screen. Attempts to place the sampling 
slot at right angles to the direction of the flow resulted in the clog- 
ging of the slot or the protecting screen. This silt samples does not 
depend unon the sample of water taken out by the slot for the measure- 
ment of the epee rin-off water, which would result in a large error 

if the slot should be partially clogged part of tie time during a storm. 
The water is pacrdadoate measured by means of tne Parshall flume. Also 
it does not depend entirely unon the sample taken out by the slot for 
ne determination of the total silt in the run-off water since a large 
amount of the silt is collected in the silt box amounting in some cases 
to half as much as the total silt in the mm-off water. 


TERRACES CONSERVE BOTH WATER AND SOIL 


Results obtained on the relative: losses of soil by erosion from 
terraced and unterraced lands demonstrate conclusively the great value 
of terraces as conservers of th es soil. The longest record sunporting the 
above statement has been obtain at the Guthrie, Oklahoma Station where 
a full three years record Aas en obtained. . Tsis record shows an annual 
loss for a three year period of 64.1 tons of soil per acre as compared 
with an average of 2.2 tons per acre from a terraced are, the loss from 


the terraced land being only 3.4 per cént of that from the unterraced 
land. The soil and slope were practically the same on both areas, 

they were cropped essentially the same and the average rainfall for 
the three year period was about normal. In Table no. 1 are given 
Similar results for the other stationg ~* where reliable data has 

been collected and the yearly results for Guthrie. Also in this table 
ore given the per cent of the rainfall that ran off from terraced and 
unterraced land. These results show that in addition to conserving 
the soil, terraces are.effective in conserving more of the rainfall 
than unterraced land. For the stations in the middle west the run- 

off from unterraced land ranzes from about 3 per cent more for tue 
Bethany Station to avout 62 per cent more for the La Crosse Station 
than from terraced land during periods of one to three years. At 

the Pullman Station in Washington the run-off is nearly ¢cO0O per cent 
more from the unterraced than from the terraced land. In the meas- 
urement of soil losses from terraced fields it is recognized that 
there is some movement of the soil down the slope, part of which 
reaches the terrace channel and near the upper end of the terrace 
there is not sufficient volume of run-off water to carry away this 
Soil to the outlet end of the terrace. This movement on uniform 
slops free from the concentration of water, however, is so slow that 
no appreciable soil movement has been detected from accurate meas- 
urements of ground surface ‘elevations on lines at right angles to tne 
contours of the field over a period of five years at Guthrie. A sin- 
ilar movement of soil down the slope of unterraced areas exists 

wWiich it is logical to assume is much greater than on terraced areas 
owing to the possibility of the concentration of a greater volume of 
water with its greater power to erode on the longer slopes. As in 

the case of the terraces however, all of this soil does not reach the 
foot of the slope or a water channel and is not : carried off: the field. 
In both cases this soil, which in the case of the terrace has moved 

a, short distance down the slope and in the case of the unterraced . 
land, a considerable distance down the slope, is not measured as a 
part of the soil loss from the field, and since ther soil on tne un- 
terraced land has moved further down the slope it would seem that the 
method employed for comparing soil losses from terraced and unterraced 
land tends to favor the unterraced land. 


TERRACS GRADE IMPORTANT FACTOR IN REDUCING SOIL LOSSES 


Excellent results have been obtained at both the Guthrie and 
Bethany Stations on the effect of terrace grade upon soil losses for 
several different grades. In Figure 3 are shown graphically the soil 
losses during one year for terraces with different grades wien the 
terraces at both stations were cropped to corn. It .is seen from the 
table that the losses for a 6 inch grade at Bethany? *” Loarly 5 times 
as mach as for a terrace with a level grade and about 3 times as great 
as for a terrace wit a 2 inch grade while at Guthrie it is nearly 4 
tines and over 2 times as great respectively. In Table No. e are given 
the soil losses for terraces witn different grades at all of the sta- 
tions where satisfactory data has becn obtained. 
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Appreciable scouring in the terrace channels with 6 inch and 8 
inch grades was apparent at both Guthrie and Bethany. At Guthric, the 
yields of cotton and corn were less for the level terrace and for. the 
terrace with the 6 inch grade. The smaller yield in the level terrace 
channel was attributed to partial drowning or excess moisture in the 
channel and in the channel with 6 inch grade to tue washing out of some 
of the small plants: due to the high velocity of the water. From these 
results it appears that sufficient grade snould be given a terrace to 
provide satisfactory drainaze of the terrace channel and yet not so 
much as to cause appreciable erosion. 


It is seen from the table that level terraces wit: open ends are 
more effective in conserving both the soil and water losses at Guthrie 
and Bethany, the soil losses from a level terrace being about 50 per 
cent and 25 per cent. respectively for thé two Stations, of that froma 
terrace wit a uniform grade of 4 inches per 100 feet, and the water 
losses from a level terrace beins about 80 per cent and. abaut.60 ner 
cent respectively of that fron the Uy inch grade terrace. he sligut 
damaze that is done to crops in level terrace channels is partly offset 
by the effectiveness of this terrace in conserving more of the soil and 
water particularly for open permeable soils. At Tyler, Texas level ter- 
races on gentle slopes and sandy soils have given very satisfactory ser- 
vices where carefully built and maintained. One of the important things 
to remember about level terraces is that they require more care in main- 
tenance and construction than a graded terrace. One neglected low place 
im .a Level. terrace, will result in the water pouring over, coming from 
poth directions alon: the terrace. A similar low place in a graded ter- 
race particularly near the upper part of its length where the channel 
is never filled may result in no overtopning since the cross section of 
the channel below the top of the low place is often large enough to 
carry tie moving water along the channel and by the low place in the 
terrace embankment. 


SOIL LOSSES INCREAS: 
DECREASE WITE 


WT VATER LOSSES 
2 woNGTH OF THRRACE 
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The results of a two years experiment at the Tyler Station .con- 
tinue to show that soil losses increase with the length of the terrace. 
The averaze annual soil loss for a terrace 1,700 feet lonz was about 20 
per cent greater than for a terrace 700 feet long. On the other hand, 
tne longer terrace conserves more of the rainfall. The percent of rain- 
fall running off was 22.8 per cent for the short terrace and only 16.7 
per cent for tie lonz terrace. Similar results were obtained for long 
and short terraces on the Station at Pullman, Washington “here during a 
two year period the soil loss for a terrace 2,400 feet long was over 
twice as large as for a terrace 800 feet long and the percent of the 
rainfall running off for the short terrace was over double that from the 
long terrace. 
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BOTH SOIL AND YAT"R LOSSSS GREATIR FOR UNIFORM 
___ THAN HOR tease GRADED TRRRACES 





A uniform graded terrace at ‘Bethany having a grade of 4 inches 
per 100 feet gave a soil loss about 37 per cent greater and a water 
loss about 44 per gs greater tian a variable graded terrace hav- 
ing a Epa of 1 to 4+ inches per 100 feet durin, a two year period. 
Both terraces were 1,200 feet lone, had’ vertical spacings of 5 feet 
and were on tne sane land slope. “Also for the three largest storms 
that occurred during the year 1933 the averaze of the maximum rates 
of run-off during the storms for the uniform ‘eraded terrace were 
sligutly over twice as great as: for the variable grade terrace. Sim- 
ilar results wre obtained on the Station at Tyler, Texas where the 
soil loss was about 15 per cent greater and the water loss 27 per 
cent greater for a uniform than for @ variable graded terrace. Also ; 
the rate of ruh-off from one of the largest storms was about LO per 
cent greater for the uniforia graded terrace. 


From these results it is annarent that the variable graded ter- 
race is not only more efficient in conserving both soil and water but 
does not require as creat a height as the uniform graded terrace due . 
to the smaller maxinum rate of run-off or maximum discharge during 
storms. The flatter grades near the upper end of a variable graded 
terrace tend to store or hold back the upper water until the water . 
below has a chance to flow off. This prevents the concentration or. 
piling wo of the run-off water near the lower or outlet end of the 
terrace so that a lower terrace embankaent can be used for a variable 
graded terrace under the same field and rainfall concitions witnout 
the possibility of overtopping. These advantees of the variable 
sreded terrace over the uniform graded far outweigh a minor objec- 
tion, manely, that the variable graded terrace is sli¢ utly more @iffi- 
cult to lay out in tie field than the wiiform graced. 


SOIL LOSSES INCREASES WITH TERRACE SPACING ON 
CULTIVATS LAND 





Results obtained durin: 1973 at Guthrie confirm the results 
for 1931 wiich showed that soil toasce increased for increase in ter- 
raco spacing wien the land was planted? to a clean cultivated crop such 
as corn. Tae results for the two year périod at Guthrie show “that. the 
average annual soil losscs in tons per acre wer e 2.65, 4.15, and 4.97 
tons per acre for vertical pane oe of 2,34, ae 5 Feat respectively 
on a land slope of avout 54 per cent. Sinilar results were obtained 
for the Tyler Station, the een anmial soil losses for the exper- 
iment beinz 4.68, 5.47 and 5.74 tons for terraces with vertical spac- 
ints (Of 3,4 anc. 5 feet on a land slope of about 7 per cent during a 
% year period when the land was plante’ each year to clean cultimated 
crops, cotton in 19%1 and 1933, and corn in 193e. is 
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Results at Guthrie for the yedt 19%2 when the land was in oats 
Showed very little difference for the different spacings. In fact the 
greater losses occurred for the smaller spacing but the difference was 
not large enough nor the record long enough to warrant afiy conclusions. 


It appears that this difference in results for clean cultivated 
and grain crops is due to tlie development of small gullies on the wider 
terrace spacing when in cultivated crop and the absence:of such gullies 
wnen in grain crop. Wider spacings permit a greater concentration of 
the run-off water particvlarly on non-uniform and irregular slopes and 
gullying increases with the distance travelled by the concentrated water. 
This.results in a greater accumulation of soil in the terrace channel at 
points of concentration for the wider spacings. mis greater deposit. of 
soil in the channel of the terrace with wider spacing results in ee 
soil losses for wider spacings particularly for long terraces with larg 
drainage areas since the volume of water removed by such terraces sae 
cially near the outlet end 1s sufficient to carry away a large part of 
the soil deposited in the terrace channel. Since the velocity and there- 
by erosive power of the water increases with the grade of the terrace, no 
doubt the greater the grade of the terrace the greater will be the in- 
crease in soil losses with increase in terrace spacing. 


EFFECT OF DIFFERENT CROPS UPON RUN- 
OFY AND SOIL EROSION LOSSES 


A paper could be written on this subject covering the results ob- 
tained on the Bethany experiment station alone where the most comprehen- 
Sive experiments are being conducted on the control of erosion by crops 
and crop rotations. The experiments have not progressed far enough yet. 
to justify definite conclusions but results so far do show that not mach 
dependence can be placed on such crops as wheat to control erosion due 
principally to the fact that heavy rains are liable to occur at the time 
of seeding and preparation of the seed bed or shortly thereafter. The 
following is taken from the report of A. T. Holman, in charge of engin- 
eering experiments on-the Bethany Station and relates to results ob- 
tained from a terracing experiment with different crops:- "If the ter- 
races are combined to male’ a full wheat year, it was found that there 
was a loss of 8.15 tons per acre for the wheat year of 1933, and the 
loss during the wheat year of 1932 was 2.62 tons per acre. The average 
erosion loss for the two wheat years was = 48 tons of soil per acre, 
Which is only 10.6 per cent less than the $.02 tons per. acre eroded from 
corn land during the same period. These hig: losses from wheat were 
caused in part by the coincidence of a hard rain occurring right after 
wheat seeding. This condition, however, is not unusual for in 1920 and. 
1931, as well as in 19434, there were hard rains during or following 
wheat seeding. This indieates that in terracing for wheat, the same 
terrace inten and care should be used as in terracing for corn land". 


Over a two year period at Bethany the average annual. soil losses 
in tons per acre from terraced land in different crops were as follows 
Soybeans followed by wheat, 7 tons; corn on contour, 6.3% tons; wheat 
followed by clover and timothy, 2. le tons; oats and sweet clover fol- 
lowed by corn, 1.87 tons; and clover, timothy, and lespedoza, 8.4 ton. 
From this it is seen that clover and timothy are quite effective in re- 
ducing erosion losses as compared with wheat, soybeans and corn. 
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COMPARISON OF CROP YIELDS ON TERRACES 
/__ AND UNDERRACED LAND 





At the Tyler Station in 1941 an unterraced area yielded ¢9 per 
cent more seed cotton per acre than an-adjoining comparable terraced 
field, the terraces having been built during the preceding winter. In 
1932 the terraced area'produced 9 per cent more:and in 1933, U7 per 
cent more than the unterraced area. Thus during a period of three | 
years a change in yields has occurred from a 29 ver cent greater yield 
for the unmterraced area than the terraced, to a 47 per cént sreater ~ 
yield ’for the terraced tnan the unterraced area. The low yield for the 
year 19% Il was undoubtedly caused by the: disturbance in soil CO ree 
when. the terraces were built during the preceding winter. 


GENERAL DISCUSSION 


“From the results of the. foregoing experiments it is evident that 
“terraces should be spaced close enough together to prevent the concen- 
tration of water and appreciable erosion on the land slope between the 
terraces. In the spacing of terraces, however, another*important fac- 
tor must be carefully considered and that is the ability of the ter- 
race channel to carry away the run-off water which is delivered to it 
from the land slope between the terraces for rains of high intensity. 
As has been found from experiments the amount and rate of movement of 
the water that runs off between the terraces denend: upon the nature 
of the soil, the vegetative cover, the land slopes, the amount. and in- 
tensity of the rainfall, and the shape, length, and size of drainage 
area. 


The ability of a terrace channel to carry away the run-off water 
delivered to it depends woon the shape, the fall, the cross-sectional 
area, and the frictional resistance to flow. , The discnarge CED AC LAS 
of the channel is computed by the oe Q.= CA | Ea RS 


where Q = The discharge in cubic feet per second, 

C = A coefficient representing the frictional re- 
Sistance to flow, 

A = The ecross-sectional area in square feet, 

H = The hydraulic radius depending upon the size and 


Shape of channel, 
S = The fall of the bottom of. the channel. 


Tne results of terracing experiments on the experiment stations will 
enable the engineer to determine all of the above factors in computing 
the discharge capacity of a terrace channel. This is particularly im- 
portant since terrace failures due to exceeding the discharge capacity 
of the channel and resulting in the water's overtopping and breaking 
the terrace are of common occurrence where unscientific. guesses have 
been relied “mon instead of fundamentally sound experimental data. ; 
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A terrace channel mst not only be able to renove the water from 
the drainage area vetweon the terraces but mist accomplish this without 
excessive erositn in the terrace channel. In other words, ‘it mst con~ 
duct the water to the terrace outlet ata low, non-erading velocity. 
Both the fall and the shape of the channel can be controlled so as to 
produce the desired velocity for any particular soil. 


A troad, shallow channel will have a lower velocity than a deep, 
narrow channel. To illustrate, the two channels shoyn in Figure 4 are 
capable of removing the same quantity of water fram the draina,e area in 
the same time but the broad, flat channel removes it ata comparatively 
low velocity of 1.44 feet per second and the narrow, deep channel at a 
velocity of 2.29 feet ner second, a velocity sufficient to cause erosion. 
Tae deep channel has a cross-sectional area of only 12 square feet as 
compared with a cross-sectional area of 19 square feet for the shallow 
channel. The shape of the channel alone, due largely to the fact that 
the line in the cross-section with which the water comes in frictional 
contact is ohly 9.4 feet for the deep channel and 26.1 feet for the shal- 
low channel, is responsible for the small deep cnannel carrying &s much 
water as the large shallow channel. 


From the foregoing it has been seen that thé control of erosion 
in a terrace channel can be accomplished to a limited extent by the shape 
of tne channel. This ulone would of course not be effective if the fall 
of the channel were not limited. Results of experiments on the soil eros: 
Sion experiment stations at Guthrie, Oklahoma; and Bethany, Missouri indi- 
cate the effect of fall of broad shallow terrace channels upon erosion 
and show conclusively that the soil losses from a terraced field increase 
appreciably with the grade of the terrace. In order to reduce the soil 
losses it is necessary to lower the erosive and silt carrying capacity 
of a terrace channel by limiting the grade and tnuereby the velocity in 
tne channel. The mninimam grade should be used that will be effective in 
removing the run-off water from the contri tating drainage area between 
tne terraces which increases with the length of ond distance between the 
terraces. It is believed that in most practical terracing work a grade 
of 4 inches per 100 feet need not be exceeded andihat satisfactory contro} 
can be obtained from the standpoint of erosive action in channel and silt 
carrying power of the water for grades not exceeding 4 inches per 100 feet 
for most typas of soils. 


From the foregoin, discussion it can readily be seen that consid- 
erable ingemity must be exercised in planning terrace embankments on 
different land slopes 30 that the cross-sectional area of the channe 
will be sufficient to take eare of the run-off water; so that appreci- 
able erosion will not eccur in the terrace channgk and so that the shape 
of the terrace embankment will not be such es to interfere with the easy 
operation of machinery in farming the embankments. The type of an embank~ 
ment will necessarihy not be the same on a steep slope of 15 per cent as 
on a comparatively flat slone of only 3 per cent in order to meet satis~ 
factorily the forezoing requirements. 
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The height of a terrace determines largely the cross-sectional 
area of the water-way sor.any particular slope. The higher the ter- 
race, however, tne more. interference with the operation of farm mach- 
inery. If the height of a terrace is kept low in order to meet farm 
machinery requirements, tliis may require reducing the drainage area 
by a closer spacing of the terraces in order to prevent the run-off 
watcr from overtopping tie low terrace embankment. This it is seen 
that the interdenendence of factors governing the design of a ter- 
race is such that if:a change in any one is made, readjustment of the 
remaining factors becomes imperative in order to restore the proper 
balanced relation of the various factors. — 


Tne control of erosion in terrace outlet ditches or gullies is 
a@much more difficult problem than in terrace channels. he same. prin- 
ciples apply but the general practice of an outlet ditch carrying the 
water to the foot of the slope along a natural depression or through 
an artificial channel often located directly down a slope along a road 
or a fence results in a large fall in the outlet ditch. 


Tue velocity in the channel may be reduced somewhat by using a 
ditch with a broad shallow cross section but not sufficiently to -pre- 
vent erosion. Additional protection against erosion is required: by 
either further reducing the velocity or protecting the channel with a 

hort growth of grass woeich will not reduce too much the water carry- 
ing capacity of the ditch. Even on moderate slopes it has been found 
advisable and necessary in most cases to cause an equal distribution 
of the water across the bottom of the channel by means of planks buried 
on edge in the ground at close intervals across the channel and with 
their upper edges about flush-with the bottom of the channel: .If this 
is not done there is a tendency for the water to concentrate ard cause 
erious erosion. cee the. plank holds the grass in place and checks 
any small gully erosion that may start between the planks. This meth- 
od of control has been found to be quite effective on moderate slopes 
and for limited drainage areas as shown in the view waich was taken 

on the Bethany ‘Soil Erosion Exverimental Farm near Bethany, Missouri. 
Figure 5. 14) 


Ditcnes with large drainage areas or on steep slopes cannot be 
very effectively controlled by the foregoing metiod. Also it is not 
always possible in all locations to build a broad shallow ditch or in 
some sections of the country to secure a satisfactory sod in the dit- 
ches. Under these circumstances control of the ditch or gully is usu- 
ally accomplisied by means of check dams built of a variety of tempora- 
ry or permanent material and. so.spaced ‘in tne ditch that the crest of 
one dam is about the same elevation as the foot of the next dam above. 
A separate paper would bo required to discuss the results of experi- 
ments on check dams in gullies and terrace outlet ditches being con- 
ducted on the soil erosion experiment stations. Particular emphasis 
is being placed uwnon cheapness of construction, keeping in mind of 
course the importance of building effective and stable structures. 
Local materials if adapted for building purposes are preferred when 
found to provide the most economical structure that will afford satis- 
factory service. 
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The length of time that the cxperimental farms have been in oper- 
ation vary from 14 years at Zanesville, Ohio to about 5 yooars at 
Guthrie, Oklahoma. About 2 years is required before mich data of value 
is obtained so that not much data of a conclusive nature ave been col- 
lected at the more revently established stations. More time will be re- 
quired at some of the stations where the rovgi condition of fields 
have tended to prolong the period of adjustment required to secure the 
necessary uniformity of conditions governing terraces in each experi- 
ment. Also the length of time that the experiments have been in pro- 
gress at most of the stations is not sufficient to permit making any 
conclusive comperisons of results obtained at the various stations ow-= 
ing to differences in soil conditions, annual rainfall, rainfall in- 
tensities, topography, crons, farming practices and seasonable condi- 
tions favorable or wnfavorable to growing crops. 
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